. At first glance, the SBMs appear to be a single structural entity because of their discrete geographic form (Plate 1). However, the range actually consists of several distinct, fault-bounded blocks that diminish in size and become more structurally complex toward the San Andreas fault zone that bounds them on the south (Figure 1 ). Although the uplift of the largest of these blocks has been explained by motion along the low-angle thrust fault that bounds the range on the north [cf. Dibblee, 1975; Meisling, 1984] , it is unknown whether the blocks to the south were raised by the same mechanism. This is because the magnitude, form, and chronology of uplift are less well constrained in the southern part of the range.
The poor understanding of the uplift kinematics of the southern SBMs exemplifies the more general problem of determining the role that strike-slip faults play in accommodating transpression through uplift. Because it bounds the range on the south, it is possible that significant vertical motion has taken place along the highangle faults of the San Andreas system, perhaps in concert with uplift along the thrust fault that bounds the range on the north. Alternatively, it is conceivable that the topography of the southern SBMs formed adjacent to and in conjunction with the uplift of the San Gabriel Mountains, which now lie 50 km to the northwest.
Strike-slip offset of these ranges along a purely strike-slip San Andreas fault system may thus have occurred subsequent to uplift along the thrusts that bound each mountain block. These hypotheses represent very different concepts for the kinematics of the San Andreas fault. A better understanding of the timing and evolution of uplift of the range would facilitate our understanding of transpression along the San Andreas fault and is important for assessing the degree of current activity on all of the bounding structures.
To learn more about the evolution of uplift and how it has accommodated transpression in the SBMs, the history and magnitude of uplift of the major blocks must be 36O constrained. Existing data on the timing of bedrock uplift from strata adjacent to the range do not allow us to discriminate different histories for different blocks. There are also no recognized structural or stratigraphic datums that constrain the degree of exhumation and rock uplift [cf. England and Molnar, 1990 ] of the southern blocks relative to the north [Dibblee, 1975] Figure 1 ). This suggests that the basic form of the plateau and its deep weathering predate uplift [Dibblee, 1975; Sadler and Reeder, 1983; Meisling, 1984] . The extensive distribution of this surface could further suggest there has been limited erosion of the BB block subsequent to initiation of uplift. If so, then its gross shape may reflect the uplift of the portions of the range that it covers [Dibblee, 1975] . The vertical displacement of the plateau relative to the surrounding lowlands may thus be loosely constrained by its topography. The entire length of the plateau (east to west) is confined by the North Frontal thrust system that dips beneath it (Figure 1 ), indicating that the thrust was at least partly responsible for the uplift of the BB block [Meisling, 1984] . The Santa Ana thrust also dips beneath the plateau and bounds part of its length on the south (Figure 1) We have dated replicate aliquots of apatite from granitic rocks in the SBMs. ). Because line blanks were typically 10-30% of these helium measurements, the uncertainty in these young ages is much higher than for the other samples. The reproducibility of these ages averaged -15% (Table 1) , and we have thus assigned a 2c• error limit of +30% (about +0.5 Ma) for the young samples from the southern blocks.
Interpretations

Big Bear Block
The old helium ages from the BB block do not record the post-Miocene cooling history associated with recent uplift of the SBMs, but they do limit the magnitude of exhumation that could have taken place during the uplift of the modem range. The preservation of the weathered granite, basalts, and sediments atop the surface of the plateau led previous workers to suggest that postuplift erosion has been confined to incision of minor stream courses and that the shape of the plateau reflects structural relief [Dibblee, 1975; Sadler and Reeder, 1983] . The helium ages are a useful test of this suggestion, because they should reflect a lack of significant exhumation associated with uplift of the modem range.
The oldest helium age from the BB block ( 
San Gorgonio Block
The similar range in helium ages from the SG and BB blocks suggests that the two blocks shared similar cooling histories throughout the Tertiary. Although the younger ages from the SG block (samples 20, 12, and 26) are at similar elevations as the youngest in the BB block (sample 7), the old ages (samples 27 and 24) from the top of the SG block occur more than a kilometer higher than similarly old ages in the BB block (samples 17 and 16) (Figures 2 and 3) . The helium isochrons in the SG block thus span a greater range of elevation than similar isochrons in the BB block. Ages of the SG block also fail to show as simple a relationship with elevation as in the BB block (Figure 2) , 1997] . Given the lack of control on these important factors, however, we have chosen to assume the simplest case of a constant geothermal gradient, in order to infer physical meaning from these young helium ages.
On the basis of these assumptions and assuming monotonic cooling, the samples from the YR block had to have been within the depth range of helium partial retention (-1-3 km, or hotter than 40øC and colder than 100øC) at 1.6 Ma. If hotter than 100øC after 1.6 Ma, they would not have accumulated enough helium to be this old. Given that the ages from the YR block are so young (1.6 Ma), their large errors (+_0.5 Ma) significantly affect interpretations of cooling/uplift history. If the average ages are accepted at face value, their similarity suggests that the two samples shared cooling histories and exhumed from the helium partial retention zone at roughly the same time. Because these samples were separated by-1-km elevation (Table 1) , this scenario implies extremely rapid exhumation over a short period. For example, 4 km of exhumation at 10 mm/yr between 1.7 and 1.3 Ma would have resulted in nearly identical upper and lower ages (1.6 and 1.5 Ma), based on numerical solutions to the helium production/diffusion equation and the above geothermal gradient. Although even more rapid exhumation rates are permitted by these data, much slower YR block cooling is also possible given the large error bars. For example, exhumation of the block at a constant rate of 1.5 mm/yr over the past few Myr would have produced upper and lower ages of 2.1 Ma (within error limits of sample 21) and 1.6 Ma (sample 23). In another possible case, exhumation at 2.25 mm/yr could have produced an upper age of 1.6 Ma (sample 21) and a lower age of 1.1 Ma (within error limits of sample 23). Both of these cases of uniform uplift predict-3-4 km total exhumation occurred in the past 2 Myr.
More complex thermal histories are also permitted by the data, but more helium ages would have to be determined to further constrain the exhumation history of the YR block. We hope to pursue a more rigorous collection and analysis of samples from this block to improve our understanding of its thermal history. Regardless of cooling history, however, the young ages require roughly 3-4 km of exhumation in the past 2 Myr, given the above assumptions. Because there are no older helium ages from the YR block, there is also no constraint on how much exhumation occurred prior to 2 Ma.
If the YR block has risen at least-3-4 km in the past 2 Myr, the present topography (just over 1-km relief above base level) requires at least 2-3 km of crust to have been removed by erosion. This suggests that the top of the YR block would stand at least 1 km higher than the present 
Uplift of the Yucaipa Ridge and Wilson Creek
Blocks
The young helium ages from the YR and WC blocks document young cooling due to recent uplift that exceeds the magnitude of uplift experienced by blocks to the north. We propose that these blocks were squeezed up as pressure ridges along the subparallel strike-slip faults that bound them. This supports the contention of Dibblee [1982] that the greatest uplift in the SBMs has occurred along crustal slices within the San Andreas fault system. The mechanism by which these strike-slip faults produced uplift depends on the configuration of active strike-slip faulting at the time.
Below, we discuss plausible mechanisms of uplift for the YR block. Although the WC block uplift may have been produced by the same mechanism, these blocks are separated by the Wilson Creek fault, a major strand of the San Andreas fault system. Although this fault is likely to have been extinct by the time these blocks began to uplift, lateral motion during or after uplift are not precluded by existing evidence [Matti et al., 1985] . We thus discuss the uplift of the YR block, for which we have two dated samples, and only acknowledge that the WC block may have been uplifted by a similar mechanism.
Greater uplift of the YR block relative to the SG block to the north seems to require vertical motion on the intervening Mill Creek fault (Figures 1 and 5) . This is consistent with south-side-up scarps in Pleistocene alluvium [Farley, 1979] and slickensides along the fault [Allen, 1957] Figures 1 and 6d ) [Dibblee, 1975] . This could be similar to the convergence that produced uplift at the intersection of the San Andreas and Garlock faults to the northwest [Bohannon and Howell, 1982] .
A final possibility is that the uplift was produced by a structure that has subsequently been offset laterally along the San Andreas fault. The young helium ages from the YR block could be related to young fission track ages 
Deformation of the San Gorgonio Block
Like the YR block, the helium ages from the SG block imply that it has been deformed and uplifted more than the BB block ( Figure 5 ). The deformation that produced this structure may have been localized by the faults that bound it, such as the Mill Creek strand of the San Andreas fault zone on the south and the unnamed high-angle, oblique (south-side-up and dextral) structures that break sediments and juxtapose sediments and SG block basement to the north in Santa Ana Valley [Dibblee, 1964; Jacobs, 1982; Sadler, 1993] (Figure 1) . Displacement on the northern faults is required, given that the down to the north tilting is not sufficient to explain the total relief between the weathered granite surfaces atop the SG block and the structural low of Santa Ana Valley (Figure 3) . It is thus likely that the local warping of the SG block resulted from a geometric complexity along a strike-slip fault system, similar to mechanisms illustrated in Figure 6 .
Unlike the YR block, the helium ages from the SG The geometry of SG block deformation offers some hints as to how it was produced. The apparent northward and westward tilt of isochronous surfaces and geologic features, as well as the east and west slope of the SG ridge line, suggest that the block is an elongate, northward plunging, north-south trending antiform. The shape of the antiform indicates east-west shortening and localized uplift on the south, with the maximum amplitude centered at San Gorgonio Peak (sample 27, Figure 1 ). Because the folding postdates helium ages (i.e., cooler than 40øC), it is unlikely that it could have been due to ductile deformation of crystalline rock. It is also unlikely that the fold was created by pure elastic bending, given that the magnitude of uplift varies 1.5 km over -22 km distance (-7% strain) (Figures 1 and 4) . The warping of the block may thus have been produced by internal brittle deformation. Folding could have been produced by displacement on the Mill Creek fault if it had a significant component of reverse slip along the center of the SG block that gradually gave way to pure strike slip in either direction (Figure 1) . Such a reverse component of slip could have resulted from convergence in San Gorgonio Pass or simply the orientation of the fault relative to the regional direction of right shear. The convergence accommodated by the SG block uplift is of the same order as that accommodated by the YR block (-1 km), based on the volume restoration of the SG block's greater lateral extent and smaller magnitude of uplift (Figures 1 and 5 ).
Conclusions
Radiogenic helium thermochronometry offers new constraints on the tectonic development of the San Bernardino Mountains. Paleocene to Miocene helium ages from the Big Bear block show that very little exhumation has taken place there since the Late Cretaceous. The geometry of the isochronous surfaces are consistent with the hypotheses that the block's surface has been only slightly eroded since exposed to deep weathering in the late Miocene and that the block was uplifted as an intact massif, presumably as the hanging wall block the North Frontal thrust system and Santa Ana thrust.
Helium ages from the San Gorgonio block are similar to those from the Big Bear block (-56-14 Ma) and predate the recent uplift of the San Bernardino Mountains. The geometry of isochronous surfaces constructed from these ages suggests that the weathered granitic surface atop the block was originally continuous with that atop the Big Bear plateau. This implies that the San Gorgonio block has experienced roughly 1.5 km more uplift than the Big Bear block and that this uplift is mimicked by the topographic form of the block. The structure of the block appears to be a gentle antiform, based on the orientations of geologic datums and warped isochronous surfaces. Such a structure is better explained by uplift due to local complexities associated with the high-angle faults that bound it than slip along the North Frontal thrust system that has produced more uniform uplift of the Big Bear plateau. We speculate that convergence associated with geometric complexities along the San Andreas fault zone produced this structure, but lack of constraint on the exact timing of this deformation prevents knowing what configuration of faulting was active at the time.
The 
